INTRODUCTION {#sec1-1}
============

Over recent years, there has been a growing number of reports indicating a relationship between serum thyrotropin and bone remodeling \[[@ref1]\]. Animal studies have shown that reduced expression of the TSH receptor leads to the development of osteoporosis, in accordance with the hypothesis that TSH deficiency may inhibit bone turnover \[[@ref4],[@ref5]\]. Biologically active TSH receptors are present in the osteoblasts and the administration of recombinant TSH leads to reduced bone resorption and increased bone formation \[[@ref6],[@ref7]\]. Moreover, the results of research in post-menopausal women with serum TSH in the lower range of normal values suggest a decreased bone mineral density and increased fracture risk \[[@ref8],[@ref9]\] as well as in 65 years or older men with subclinical hyperthyroidism or hypothyroidism increased risk for hip fracture was observed \[[@ref10]\]. Recent results in postmenopausal Italian women who had vertebral fractures indicated the existence of the relationship between TSH and fractures independently of thyroid hormone levels, age and bone mineral density \[[@ref2]\]. Pathogenic role of TSH suppression in the damaged bone tissue, in contrast to increased levels of thyroid hormones is still unknown. The aim of our preliminary study was to verify the relationship between serum TSH and biochemical bone turnover markers in postmenopausal women with normal thyroid function who sustained an osteoporotic fracture to assess whether the differences in TSH concentration within the reference range may affect bone metabolism.

MATERIAL AND METHODS {#sec1-2}
====================

34 women aged 60-93 years, admitted to the Department of Orthopaedics and Traumatology at the University Hospital in Bydgoszcz for osteoporotic fracture, were included in the study. All were euthyroid postmenopausal women that did not receive drugs affecting bone metabolism before fracture. Inclusion criteria were : osteoporotic fracture, no treatment with anti-osteoporotic drugs, no previous treatment with drugs potentially causing osteoporosis and fragility fractures, no clinical history of recent significant trauma or prolonged immobilization. Only few of them had diabetes mellitus (3), renal insufficiency (1), rheumatoid arthritis (1). 89% had femoral neck fracture and 11% fractures of hip or knee.

A written informed consent from each participant was obtained. The study was approved by the Bioethics Committee at Collegium Medicum, Nicolaus Copernicus University.

From all women included in the study blood was taken within 18 hours after fracture. Serum was obtained within less than 2 hours to avoid proteolysis and stored deep-frozen in small aliquots until assayed but no longer than 3 months. In the serum samples, directly after thawing, the following markers were measured: propeptide of type 1 procollagen (P1NP) (ELISA Kit for Procollagen I N-Terminal Propeptide PINP; Uscn, Life Science Inc.; detection limit was 6,9 pg/ml; reference range for postmenopausal women \<45,0 ng/mL) as a bone formation marker, C-terminal telopeptide of type 1 collagen (CTX), (CTx ELISA, Immunodiagnostic Systems Ltd; detection limit 0,02 ng/mL; mean value for postmenopausal women 0,439 ng/ml; range 0,142-1,351 ng/mL) as a bone resorption marker. TSH was assayed using the ARCHITECT TSH assay (Abbott Diagnostics; detection limit 0,01 mlU/mL, which meets the requirements of a third generation TSH assay; reference range at postmenopause 0,35-4,94 mlU/mL, according to the manufacturer data).

Statistical analysis was performed using Statistica 6.0 for Windows (Stat Soft). All data are presented as median and 25^th^ and 75^th^ percentile. U-Mann-Whitney test was used to compare differences between groups. Spearman correlation test was used.

RESULTS {#sec1-3}
=======

Study group consisted of 29 women with TSH within the reference range (0,35-4,94 mlU/mL) and additionally of 5 women with TSH concentration \< 0,35 mlU/mL.

Median age in group with TSH within the reference range was 80 (71-85) years, height 1,61 (1,56-1,64) m, weight 70 (60-79) kg and BMI 27 (23-29) kg/m2. In all euthyroid women median value of CTX-I was 0,535 (0,400-0,817) ng/mL and was within the reference range for their age, whereas median PINP concentration of 31,2 (27-39,8) ng/mL was in the lower reference range. Median TSH was 0,96 (0,66-1,81) mlU/mL whereas the values within 5-95th percentile were found to be from 0,46-3,40 mlU/mL

Median age in women with TSH level \< 0,35 mlU/mL was 81 (65-86) years, height 1,63 (1,62-1,64) m, weight 80 (63-98) kg and BMI 30 (23-37) kg/m2. Median value of CTX-I was 0,491 (0,472-0,535) ng/mL and was within the reference range for their age, whereas median P1NP concentration of 35,6 (35-38,6) ng/mL was in the lower reference range. TSH concentration was 0,24 (0,14-0,29) mlU/mL

Next, euthyroid post-menopausal women with osteoporotic fracture were divided into 3 groups according to TSH values: 1st tertile from 0,35 to 1,88 mlU/mL, 2nd from 1,89 to 3,41 mlU/mL and 3d from 3,42 to 4,94 mlU/mL (Tab.1).

U-Mann-Whitney test has shown higher median P1NP (p=0,05) in the 1st tertile and higher CTX-I in the 3rd tertile. There was no significant differences in concentration of bone turnover markers between group of women with TSH level \<0,35 mlU/mL and those euthyroid postmenopausal women in the 1st tertile.

No relationship was observed between TSH and bone formation and resorption markers in all groups of euthyroid postmenopausal women. Instead, weight and BMI correlated negatively with TSH (r=-0,77 p\<0,006 and r=-0,73 p\<0,02 respectively) and CTX (r=-0,68 p\<0,03) in women in the 1st tertile. No relationship was also observed between TSH and bone formation and resorption markers in a group of women with TSH level \<0,35 mlU/mL. P1NP positively correlated with CTX in this group (r=0,9 p\<0,04).

DISCUSSION {#sec1-4}
==========

It has been found that in hypothyroidism the duration of the remodeling cycle increases. The duration of the resorption process is extended 2-fold and bone formation is prolonged 4-fold \[[@ref11]\]. However in hyperthyroidism bone formation and resorption processes are accelerated and remodeling cycle is shortened \[[@ref11]\].

In this study we measured serum concentrations of propeptide of type 1 procollagen (P1NP) as a bone formation marker and crosslinked C-terminal telopeptide (CTX-I), as a bone resorption marker in elderly euthyroid women with osteoporotic fracture (mainly of the femoral neck) in attempt to find a relationship between TSH and bone turnover markers. Fracture may have an influence on concentration of bone markers which in the immediate postfracture period does not alter but clearly increase during fracture healing. To exclude any influence of fracture consequences and repair on bone turnover markers, especially P1NP and CTX-I concentrations, we collected blood samples within 18 hours after fracture.

The association between TSH concentration and bone turnover markers in relation to the risk of fragility fracture is still a matter of debate. The association of thyrotropin with bone mineral density and bone markers in postmenopausal women was very recently reported by Baqi et al \[[@ref12],[@ref13]\]. They observed that bone mineral density (BMD) and the concentrations of biochemical bone turnover markers were significantly more favorable in patients with TSH in the range of 0,35-6,3 mlU/mL than in those with TSH\<0,3 mlU/mL which is consistent with the view that TSH itself possibly plays a positive role influencing the BMD in adult women \[[@ref13]\]. This is however, not consistent with the results of our preliminary study because we observed similar P1NP and CTX concentrations in the group with TSH concentration \<0,35 mlU/mL and these women with TSH of 0,35-4,94 mlU/mL. Differences may result because of the fact that in the study of Baqi et al women were without fractures whereas our subjects had fractures and because of small numbers of patients in both groups, only 5 and 29 with TSH of 0,35-4,94 mlU/mL.

In another study Murphy et al determined the relationship between thyroid status and bone parameters and fractures \[[@ref1]\]. There was an increased bone turnover reflected by osteocalcin, P1NP and CTX concentrations in women with TSH below 0,5 mlU/mL compared to women with TSH of at least 0,5 mlU/mL. However, after adjusted regression analysis TSH was no longer associated with bone turnover \[[@ref1]\]. Bauer et al found no consistent evidence that low TSH was associated with accelerated bone loss in older ambulatory women \[[@ref3]\]. Those findings are similar to ours, because we also observed no relationship between TSH and bone formation and resorption markers in euthyroid postmenopausal women as well as in women with TSH concentration \<0,35 mlU/mL. However, it is worth to note that in our subjects with fractures, whether they were euthyroid or had decreased TSH, bone resorption was as expected for their age (0,535 and 0,491 ng/mL, respectively) whereas bone formation was in the lower reference range (31,2 and 35,6 ng/mL). In the study of Martinez et al performed in a large cohort of Spanish postmenopausal women the mean concentration of P1NP in women between 70-85 years of age was found to be 43-50 ng/mL and mean concentration of CTX was 0,36-0,44 ng/mL \[[@ref14]\].

Median TSH in a group with TSH within 0,35-4,94 mlU/mL was a little lower 0,96 (0,66-1,81) mlU/mL compared to women with vertebral fractures in Mazziotti study 1,1 mlU/mL (0,66-3,10) \[[@ref2]\].

Our study had several limitations: a small number of euthyroid women with fractures and in the group with TSH concentration \<0,35 mlU/mL, which may influenced on these preliminary results. As TSH concentration is characterized by a circadian rythm and the blood collection should be performed at fasting state we could only include in the study those women in which blood collection was performed at the same time of a day. BMD and concentrations of thyroid hormones (fT4, fT3) were not measured; TSH was measured only once.

CONCLUSIONS {#sec1-5}
===========

We found no consistent evidence that in euthyroid postmenopausal women with osteoporotic fractures TSH concentrations within the reference range were associated with changes in bone turnover markers.
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Values of biochemical bone turnover markers in euthyroid postmenopausal women with osteoporotic fracture according to TSH tertiles; Median (25th- 75th percentiles)

                      TSH                                            
  ------------------- ------------------------ --------------------- ---------------------
  **N**               23                       4                     2
  **Age (years)**     80 (71-86)               69 (63-83)            84 (83-85)
  **Height (m)**      1,61 (1,53-1,64)         1,70 (1,66-1,74)      1,59 (1,57-1,60)
  **Weight (kg)**     62 (60-79)               75 (70-80)            66 (56-76)
  **BMI (kg/m^2^)**   27 (23-29)               26 (25-27)            26 (22-31)
  **P1NP (ng/mL)**    35,0 (27,6 -- 39,8)      23,9 (23,4-27,3)      39,9 (31,2-48,6)
  **CTX-I (ng/mL)**   0,555 (0,400 -- 0,817)   0,342 (0,179-0,757)   1,183 (0,535-1,831)
  **TSH (mlU/mL)**    0,73 (0,59 -- 1,01)      2,19 (2,14-2,30)      3,88 (3,41-4,36)
